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WO 99/39814 PCTAJS99/02567 
LANDFILL GAS TREATMENT WITH PROPYLENE CARBONATE 



BACKGROUND OF INVENTION 

This invention relates to a process for separation of carbon dioxide from a gaseous 
stream from a landfill which contains oxygen and/or chlorinated hydrocarbon, carbon dioxide 
and methane. 

It is well known that landfills generate a substantial amount of methane. It would be 
highly desirable to separate the methane to thereby provide a source of this fuel. Amines are 
frequently used to sweeten sour gas withdrawn underground wells. However, a problem 
exists in that, unlike gas from underground wells, oxygen and other impurities such as 
chlorinated hydrocarbons are typically present in the gaseous stream which is collected from 
the landfill. Amines are prone to degradation in the presence of oxygen. Hence, amines do 
not provide a suitable absorbent composition for removing carbon dioxide from the landfill 
gas. A need thus exists for a workable carbon dioxide absorbent composition which is not 
prone to oxygen degradation for use in removing carbon dioxide from landfill gas. A solution 
to this need would be highly desirable. 

SUMMARY OF INVENTION 

In one broad respect, this invention is a process useful for removing carbon dioxide 
from landfill gas, comprising: contacting the landfill gas which contains carbon dioxide, 
methane, and oxygen with alkylene carbonate under conditions effective to remove at least a 
portion of the carbon dioxide from the stream. In another broad respect, this invention is a 
process useful for removing carbon dioxide from landfill gas, comprising: obtaining a gas 
stream from a landfill or dump which contains carbon dioxide, methane, and oxygen; 
contacting the gas stream alkylene carbonate under conditions effective to remove at least a 
portion of the carbon dioxide from the stream. The term landfill gas as used herein refers to 
gas obtained from landfills, dumps and the like. Thus, the term landfill gas refers to gas that 
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is being generated by the rotting, decay, biological break down of organic matter, degradation 
of dump materials and so forth. In addition to methane and or other hydrocarbons being 
generated by the landfill, the landfill gasses may contain chlorinated hydrocarbons such as 
methyl chloride, chloroform, chloroform and carbon tetrachloride, and higher carbon 
containing chlorinated hydrocarbons, which may also have a detrimental effect on use of 
amines. The amount of impurities such as chlorinated hydrocarbons and oxygen, individually 
or collectively, may be greater than about 1 percent, and in one embodiment may be greater 
than about 2 percent by volume of the landfill gas to be treated. Advantageously, use of 
alkylene carbonate may be used successfully despite the presence of both oxygen and 
chlorinated hydrocarbons. While it has been known to use propylene carbonate to remove 
carbon dioxide from natural gas from naturally occurring subterranean sources (see, for 
example, U.S. 2,926,751; U.S. 4,097,250; U.S. 4,449,994; and U.S. 4,749,555), these natural 
deposits did not contain oxygen and/or chlorinated hydrocarbons. For example, U.S. 
4,097,250 describes a typical natural gas composition as containing methane, ethane, higher 
alkanes, nitrogen, carbon dioxide and optionally hydrogen sulfide in the case of an acidic gas 
source. These references are silent with respect to treatment of gas that also contains oxygen 
and/or chlorinated hydrocarbons. The present invention, by contrast, is directed specifically 
to washing of landfill gas that also contains oxygen and/or chlorinated hydrocarbons. 

This invention has a number of advantages. Notably, alkylene carbonate such as 
propylene carbonate provides for excellent carbon dioxide removal from landfill gas. What is 
more, alkylene carbonate, propylene carbonate for instance, does not degrade to a significant 
degree in the presence of oxygen under absorbent conditions. Moreover, propylene carbonate 
serves to remove carbon dioxide without degrading or otherwise being rendered un-useful in 
the presence of chlorinated hydrocarbons. Thus, use of propylene carbonate as the absorbent 
solution provides a solution to the needs and disadvantages discussed above. 
Advantageously, the alkylene carbonate is useful for removal of carbon dioxide in order to 
improve the combustibility of landfill gas. 
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DETAILED DESCRIPTION OF THE INVENTION 

The absorbent compositions of this invention include alkylene carbonate. The 
compositions may contain other components to enhance carbon dioxide removal, to provide 
corrosion resistance, and so forth. 

The alkylene carbonate used in the present invention can contain from 2 to 10 carbon 
atoms. Representative examples of alkylene carbonates that may be employed in the practice 
of this invention include ethylene carbonate and propylene carbonate. In the practice of this 
invention, propylene carbonate is prefeiTed. 

The alkylene carbonate compositions may be used as the absorbent solution in 
conventional absorbent apparatus, such as stripping columns. For example, the alkylene 
carbonate may be used in place of the amine composition used in the stripping column and 
system as disclosed in U.S. 4,336,233, U.S. 4,449,994 and U.S. 4,749,555, incorporated 
herem by reference. In this regard, the alkylene carbonate solutions of this invention are used 
as absorbents to wash landfill gas. 

The process may be run at conventional temperatures and pressures. Typically, the 
temperature may be as high as 100°C and is more typically less than about 65°C; may be as 
low as about 0°C and more typically more than about 20 °C. Typically, pressure is 
atmospheric or superatmospheric. Contact times may vary depending on the temperature, 
initial carbon dioxide and/or chlorinated hydrocarbon concentration, desired carbon dioxide 
concentration in the exit stream, number of trays or packing in a column, and the like. This 
invention is preferably carried out in as a continuous process wherein landfill gas is 
continuously contacted with alkylene carbonate in a column. Conventional columns and 
related equipment may be used in the practice of this invention. 

In one embodiment of this invention, the alkylene carbonate solution is contacted with 
the gas in a direction countercurrent to the flow of the landfill gas to be treated. For instance, 
the alkylene carbonate may be introduced into the top of the column as by spraying or misting 
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and allowed to descend as gas introduced at the bottom of the column flows upward. The 
alkylene carbonate may be sprayed in at the top of the column using conventional equipment 
with liquid alkylene carbonate saturated with carbon dioxide being collected at the base of the 
column. Alternatively, the landfill gas may be passed over a series of trays bearing the 
alkylene carbonate, using conventional methods. The contact of the alkylene carbonate and 
gas by such counterflow results in the uptake of the carbon dioxide into the liquid alkylene 
carbonate. Alternatively, cocurrent contacting may be used. As an alternative to use of a 
stripping column (or "tower"), the gas may be simply bubbled or sparged through a vessel 
containing the alkylene carbonate solution. If columns are employed in the process of this 
invention, the columns may be optionally packed or fitted with plates (trays). 

The process of this invention may be carried out batchwise, intermittently or 
continuously. Likewise, the process can be repeated on effluent gas from a first process run 
to effect additional carbon dioxide removal. Similarly, the process can be run in stages with 
multiple columns or the like to achieve incremental removal of carbon dioxide as from the 
gas as it passes through multiple towers. 

The alkylene carbonate composition laden with carbon dioxide may be readily 
regenerated as by heating with or without a separate or contemporaneous reduced pressure 
(e.g., flashing off of the carbon dioxide). Alternatively, the alkylene carbonate may be 
regenerated by use of a stripping gas which removes at least a portion of the carbon dioxide 
from the carbon dioxide laden alkylene carbonate composition. Such stripping gas can be 
any gas which has a partial pressure of carbon dioxide less than that of the carbon dioxide 
laden alkylene carbonate composition. For example, depending on the composition to be 
treated, the stripping gas may be air, nitrogen, argon, and so forth, 

Some processes may be advantageously run whereby only a portion of the 
composition in a column is removed at any given time, regenerated, and recycled to the 
column. In this regard, the composition may be continuously regenerated by withdrawing a 
stream from the bottom of the column. 
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Further modifications and alternative embodiments of this invention will be apparent 
to those skilled in the art in view of this description. Accordingly, this description is to be 
construed as illustrative only and is for the purpose of teaching those skilled in the art the 
manner of carrying out the invention. It is to be understood that the forms of the invention 
herein shown and described are to be taken as illustrative embodiments. Equivalent elements 
or materials may be substituted for those illustrated and described herein, and certain features 
of the invention may be utilized independently of the use of other features, all as would be 
apparent to one skilled in the art after having the benefit of this description of the invention. 
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1 . A process useful for removing carbon dioxide from landfill gas, comprising: 
contacting the landfill gas which contains carbon dioxide, methane, and oxygen with alkylene 
carbonate under conditions effective to absorb at least a portion of the carbon dioxide from 
the stream into the alkylene carbonate. 

2. The process of claim 1 including the step of obtaining the landfill gas from a landfill 
or dump. 

3 . The process of any one of claims 1 -2 wherein the alkylene carbonate is propylene 
carbonate. 

4. The process of any of claims 1-3 wherein the contacting occurs in a stripping column. 

5 . The process of any of claims 1 -4 wherein the contacting occurs in a stripping column 
containing packing or trays, 

6. The process of any of claims 1 -5 wherein the contacting occurs in countercurrent 
fashion in a stripping column. 

7 . The process of any of claims 1 -6 further comprising regenerating alkylene carbonate 
laden with carbon dioxide and recycling the regenerated alkylene carbonate to the contacting 
step. 

8. The process of any of claims 1 -7 wherein the oxygen, chlorinated hydrocarbon or 
combination thereof is present in an amount greater than 1 percent by volume of the landfill 
gas. 

9. The process of any of claims 1-8 wherein the landfill gas further comprises 
chlorinated hydrocarbons. 
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10. The process of any of claims 1-9 wherein the landfill gas contains at least 1 percent of 
oxygen, chlorinated hydrocarbon or combination thereof. 

11. The process of any of claims 1-10 wherein regeneration of the alkylene carbonate is 
conducted by heating under reduced pressure. 

12. The process of any of claims 1-1 1 wherein the contacting occurs in a column 
containing packing or trays. 

13. The process of any of claims 1-12 wherein the contacting occurs at a temperature less 
than about 65 degrees Centigrade. 
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The alkylene carbonate used in the present invention can contain from 2 to 10 carbon atoms Representative 
examples of alkylene carbonates: that may be employed in the practice of this invention include ethylene 
carbonate and propylene carbonate. In the practice of this invention, propylene carbonate is preferred. 

The alkylene carbonate compositions may be used as the absorbent solution in conventional absorbent 
apparatus, such as stnpping columns. For example, the alkylene carbonate may be used in place of the 
amine composition used in the stripping column and system as disclosed in US 4 336 233 US 4 449 994 
and U.S. 4,749,555, incorporated herein by reference. In this regard, the alkylene carbonate solutions of this 
invention are used as absorbents to wash landfill gas. 

The process may be run at conventional temperatures and pressures. Typically, the temperature may be as 
high as 1 00 C and is more typically less than about 65"C; may be as low as about 0 "C and more typically 
more than about 20 C. Typically, pressure is atmospheric or superatmospheric. Contact times may vary 
depending on the temperature, initial carbon dioxide and/or chlorinated hydrocarbon concentration desired 
carbon dioxide concentration in the exit stream, number of trays or packing in a column, and the like This 
inventjon is preferably earned out in as a continuous process wherein landfill gas is continuously contacted 
with alkylene carbonate in a column. Conventional columns and related equipment may be used in the 
practice of this invention. 

In one embodiment of this invention, the alkylene carbonate solution is contacted with the gas in a direction 
countercurrent to the flow of the landfill gas to be treated. For instance, the alkylene carbonate may be 
introduced into the top of the column as by spraying or misting and allowed to descend as gas introduced at 
the bottom of the column flows upward. The alkylene carbonate may be sprayed in at the top of the column 
using; conventional equipment with liquid alkylene carbonate saturated with carbon dioxide being collected at 
the base of the column. Alternatively, the landfill gas may be passed over a series of trays bearing the 
alkylene carbonate, using conventional methods. The contact of the alkylene carbonate and gas by such 
counterflow results in the uptake of the carbon dioxide into the liquid alkylene carbonate Alternatively 
cocurrent contacting may be used. As an alternative to use of a stripping column (or "tower"), the gas'may be 
simply bubbled or sparged through a vessel containing the alkylene carbonate solution. If columns are 
employed in the process of this invention, the columns may be optionally packed or fitted with plates (trays). 

The process of this invention may be carried out batchwise, intermittently or continuously. Likewise the 
process can be repeated on effluent gas from a first process run to effect additional carbon dioxide' removal 
Similarly, the process can be run in stages with multiple columns or the like to achieve incremental removal 
of carbon dioxide as from the gas as it passes through multiple towers. 

The alkylene carbonate composition laden with carbon dioxide may be readily regenerated as by heating 
with or without a separate or contemporaneous reduced pressure (e.g., flashing off of the carbon dioxide) 
Alternatively, the alkylene carbonate may be regenerated by use of a stripping gas which removes at least a 
portion of the carbon dioxide from the carbon dioxide laden alkylene carbonate composition. Such stripping 
gas can be any gas which has a partial pressure of carbon dioxide less than that of the carbon dioxide laden 
alkylene carbonate composition. For example, depending on the composition to be treated, the stripping qas 
may be air, nitrogen, argon, and so forth. 

Some processes may be advantageously run whereby only a portion of the composition in a column is 
removed at any given time, regenerated, and recycled to the column. In this regard, the composition may be 
continuously regenerated by withdrawing a stream from the bottom of the column. 

Further modifications and alternative embodiments of this invention will be apparent to those skilled in the art 
in view of this description. Accordingly, this description is to be construed as illustrative only and is for the 
purpose of teaching those skilled in the art the manner of carrying out the invention. It is to be understood 
that the forms of the invention herein shown and described are to be taken as illustrative embodiments 
Equivalent elements or materials may be substituted for those illustrated and described herein, and certain 
features of the invention may be utilized independently of the use of other features, ali as would be apparent 
to one skilled in the art after having the benefit of this description of the invention. 
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Claims 

WHAT IS CLAIMED IS: 1. A process useful for removing carbon dioxide from landfill gas, comprising- 
contacting the landfill gas which contains carbon dioxide, methane, and oxygen with alkylene carbonate 
under conditions effective to absorb at least a portion of the carbon dioxide from the stream into the alkylene 
carbonate. 

2. The process of claim 1 including the step of obtaining the landfill gas from a landfill or dump. 

3: The process of any one of claims 1-2 wherein the alkylene carbonate is propylene carbonate. 

4. the process of any of claims 1-3 wherein the contacting occurs in a stripping column. 

5 The process of any of claims 1-4 wherein the contacting occurs in a stripping column containinq packind 
or trays. 

6. The process of any of claims 1-5 wherein the contacting occurs in countercurrent fashion in a stripping 
column. 

7. The process of any of claims 1-6 further comprising regenerating alkylene carbonate laden with carbon 
dioxide and recycling the regenerated alkylene carbonate to the contacting step. 

8. The process of any of claims 1-7 wherein the oxygen, chlorinated hydrocarbon or combination thereof is 
present in an amount greater than 1 percent by volume of the landfill gas. 

9. The process of any of claims 1-8 wherein the landfill gas further comprises chlorinated hydrocarbons. 

10. The process of any of claims 1-9 wherein the landfill gas contains at least 1 percent of oxygen, 
chlorinated hydrocarbon or combination thereof. 

1 1 . The process of any of claims 1-10 wherein regeneration of the alkylene carbonate is conducted by 
heating under reduced pressure. 

12. The process of any of claims 1-1 1 wherein the contacting occurs in a column containing packing or trays. 

13. The process of any of claims 1-12 wherein the contacting occurs at a temperature less than about 65 
degrees Centigrade. 
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LANDFILL GAS TREATMENT WITH PROPYLENE CARBONATE 
BACKGROUND OF INVENTION 

This invention relates to a process for separation of carbon dioxide from a gaseous stream from a landfill 
which contains oxygen and/br chlorinated hydrocarbon, carbon dioxide and methane. 

It is well known that landfills generate a substantial amount of methane. It would be highly desirable to 
separate the methane to thereby provide a source of this fuel. Amines are frequently used to sweeten sour 
gas withdrawn underground wells. However, a problem exists in that, unlike gas from undergroundwells, 
oxygen and other impurities such as chlorinated: hydrocarbons are typically present in the gaseous stream 
which is collected from the landfill Amines are prone to degradation in the presence of oxygen Hence, 
amines do not provide a suitable absorbent composition for removing carbon dioxide from the landfill gas A 
need thus exists for a workable carbon dioxide absorbent composition which is not prone to oxygen 
degradation for use in removing carbon dioxide from landfill gas. A solution to this need would be highly 
desirable; 



SUMMARY OF INVENTION 

In one broad respect, this invention is a process useful for removing carbon dioxide from landfill gas, 
comprising: contacting the landfill gas which contains carbon dioxide, methane, and oxygen with alkylene 
carbonate under conditions effective to remove at least a portion of the carbon dioxide from the stream. In 
another broad respect, this invention is a process useful for removing carbon dioxide from landfill gas 
comprising: obtaining a gas stream from a landfill or dump which contains carbon dioxide, methane, and 
oxygen; contacting the gas stream alkylene carbonate under conditions effective to remove at least a portion 
of the carbon dioxide from the stream. The term landfill gas as used herein refers to gas obtained from 
landfills, dumps and the like. Thus, the term landfill gas refers to gas that is being generated by the rotting, 
decay; biological break down of organic matter, degradation of dump materials and so forth, in addition to 
methane and or other hydrocarbons being generated by the landfill, the landfill gasses may contain 
chlorinated hydrocarbons such as methyl chloride, chloroform, chloroform and carbon tetrachloride, and 
higher carbon containing chlorinated hydrocarbons, which may also have a detrimental effect on use of 
amines. The amount of impurities such as chlorinated hydrocarbons and oxygen, individually or collectively, 
may be greater than about 1 percent, and in one embodiment may be greater than about 2 percent by 
volume of the landfill gas to be treated. Advantageously, use of alkylene carbonate may be used 
successfully despite the presence of both oxygen and chlorinated hydrocarbons. While it has been known to 
use propylene carbonate to remove carbon dioxide from natural gas from naturally occurring subterranean 
sources (see, for example, U.S. 2,926,751 ; U.S. 4,097,250; U.S. 4,449,994; and U.S. 4,749,555), these 
natural deposits did not contain oxygen and/or chlorinated hydrocarbons. For example, U.S. 

4,097,250 describes a typical natural gas composition as containing methane, ethane, higher alkanes, 
nitrogen, carbon dioxide and optionally hydrogen sulfide in the case of an acidic gas source. These 
references are silent with respect to treatment of gas that also contains oxygen and/or chlorinated 
hydrocarbons. The present invention, by contrast, is directed specifically to washing of landfill gas that also 
contains oxygen and/or chlorinated hydrocarbons. 

This invention has a number of advantages. Notably, alkylene carbonate such as propylene carbonate 
provides for excellent carbon dioxide removal from landfill gas. What is more, alkylene carbonate, propylene 
carbonate for instance, does not degrade to a significant degree in the presence of oxygen under absorbent 
conditions. Moreover, propylene carbonate serves to remove carbon dioxide without degrading or otherwise 
being rendered Un-useful in the presence of chlorinated hydrocarbons. Thus, use of propylene carbonate as 
the absorbent solution provides a solution to the needs and disadvantages discussed above. 

Advantageously, the alkylene carbonate is useful for removal of carbon dioxide in order to improve the 
combustibility of landfill gas. 

DETAILED DESCRIPTION OF THE INVENTION 

The absorbent compositions of this invention include alkylene carbonate. The compositions may contain 
other components to enhance carbon dioxide removal, to provide corrosion resistance, and so forth. 
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